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Abstract 
The objective was to look at the effect of anthropogenic activities on the accumulation of heavy metals; in four legumes 
crop plants. Pisum sativum L., Vicia faba L., Glycine max and Vigna sinensis, during summer and winter plants  exposed 
to  five levels of ambient air pollution by quantifying heavy metals (Cu, Mn, Pb and Zn) concentrations in the leaves, pods 
and grains. Results indicated that air pollution significantly increased the heavy metal concentrations in the leaves, pods 
and grains. Toxic concentrations were found in the plants grown at L3, L4 and L5. 
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1. Introduction 
The rapid urbanization and industrialization has been accompanied by environmental changes caused by 
heavy traffic and industrial activities in Saudi Arabia particularly in Riyadh city. Legume pods and grains are 
rich in protein and are therefore widely used as protein sources for human and animals [1] [2]. Traffic and 
industrial activities emissions contain airborne particulate-bound heavy metals [3] which deposited in 
roadside soils and also enter plants directly via rain and dust or to be taken up from the soil through the root 
system [1] [4]. Industrial activity has polluted the soil with a variety of heavy metals, such as Cd, Cu and Zn, 
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which affect crop production [5]. Farmaki and Thomaidis [6] reported increased in concentrations of the 
heavy metals Pb, Cu, Zn, Pt and Pd in the urban environment, including the topsoil, highways and streets. 
Çelik, et al. [7] reported four times higher concentrations of trace metals Fe, Pb, Cu and Mn in roadside plants 
compared with the control sites plants. Klumpp, et al. [8] reported Significant accumulation of Pb and Cu in 
plants from traffic-exposed sites in city centers or close to major roads and moderate to low levels at suburban 
or rural sites. Heavy metal toxicity in plants results in chlorosis, weak plant growth and decreased crop yield 
and may be accompanied by reduced nutrient uptake and plant metabolism disorders [9]. 
  This study was conducted to assess the accumulation of five heavy metals in the edible portions and 
leaves of four legumes crops under conditions of urban air pollution. The results of this study may be 
important to increasing understanding of the levels of air pollution in the Riyadh area using crops. 
2. Materials and methods  
2.1. Experimental site and plant materials  
Five experimental sites were located in  different parts of Riyadh city  to represent a gradual density of 
populated areas to high and low anthropogenic activities  compared with an area away from the city centre 
and reflected the control site (Dirab) (Table 1). Two winter plants Pisum sativum L. and Vicia faba L., and 
two summer season Glycine max and Vigna sinensis were used.15 seeds were sown in 40 cm plastic pots with 
a mix of 50% clay and 50% sand, and the pH was adjusted to 8.4. After germination, five uniform plants per 
pot were selected, and 10 pots for each species were transferred to each experimental site. Plants were 
exposed to ambient air during the winter for periods of three months, and the summer species were exposed 
during the summer. (0.5 g) Dried samples of leaves, pods and grains were digested with concentrated HNO3 
and HClO4 in a Teflon Digestion Vessel (Savillex, USA)  Cu, Mn, Pb and Zn concentrations were measured 
with inductively coupled plasma-atomic emission spectroscopy (Perkin–Elmer Optima 4300 DV, USA) using 
the method of  Kim, et al. [10]. 
Table 1. Traffic density and industrial activities in experimental sampling locations  
Sampling 
location No. 
Sampling location description  Traffic density (TD) 
L1 Control Very low 
L2 Low TD  122775  
L3 High TD  946348 
L4 Moderate TD  density and Cement factory 115866  
L5 Moderate TD density with high IA 115000  
TD; Traffic density (average car daily), IA; industrial activity   
2.2. Statistical Analysis 
Data were analyses using SAS statistical package. ANOVA was used to test the effect of the sampling 
locations, and LSD was used for the mean separation. The generalised linear model (GLM) was used to test 
for interactions between the species and the sampling locations. The graphs were plotted Sigma Plot 9.0.  
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3. Results 
Five heavy metal concentrations (Copper, manganese, lead and zinc) in the plant parts leaves, pods and 
grains of the winter crops (P. sativum and V. faba) and summer crops (G. max and V. sinensis) of P. sativum, 
V. faba, G. max and V. sinensis are shown in Figures 2 and 3. The results revealed differences in the 
accumulation of all of the metals, particularly in the polluted sites compared to the control. No significant 
differences of Cu concentration in the leaves except in summer at L5 where it was 1.660 mg g-1 in G. max and 
1.327 mg g-1 in V. sinensis as compared to the control, L1 (Figure 2). Moreover, there was significant 
accumulation in the pods and grains of the winter crops at L4 and L5, but at L2, L3 and L4 in summer crops. 
Out of the four plants G. max contained highest Cu content in the leaves at L5. 
Significant differences in Mn concentrations was found in the leaves, pods and grains of both summer and 
winter plants except for pods in winter crops (Figure 2). The highest Mn concentration in the leaves of V. faba 
occurred at L2, P. sativum at L3, V. sinensis at L5 and G. max at L4. High Mn concentrations were observed 
in the grains of winter crops (P. sativum and V. faba) at L2 and L4 respectively, while in summer crops Mn 
content in plants at L3 was higher than  L1. 
Significant differences in the Pb concentrations in the leaves, pods and grains of all the four crop plants at 
all locations (Figure 3). The highest Pb concentrations were recorded in the leaves, pods and grain in summer 
crops as compared to winter crops at all the sampling locations. The pods of V. sinensis had the highest Pb 
concentration (46.12 mg/g) at L3 as compared with the other plants and sampling locations. 
The concentration of Zn increased as the sources of air pollution increased in both winter and summer 
crops at all sampling locations (Figure 2). The plants of both winter and summer crops grown at L5 had the 
highest Zn concentrations in their leaves and pods, whereas the V. faba plants grown at L3 had the highest 
levels of Zn in their grains compared to the control (L1). The summer crops plants have the highest Zn 
concentrations at all the sampling location compared with the winter crop plants. From all the four crop plants 
V. sinensis have the highest concentration of Zn at all the sampling sites with respect to the control. 
4. Discussion 
Many studies have confirmed that vehicle emissions are a significant source of heavy metals, particularly 
the traffic-related metals Pb, Cu and Zn [11]. Li, et al. [12], Lee, et al. [13], Cicchella, et al. [14] found that 
areas with highly elevated metal concentrations were generally located in industrial and residential areas, 
roadsides and crowded commercial districts. Klumpp, et al. [8]  found a significant accumulation of Pb and 
Cu in plants from traffic-exposed sites in city centres and close to major roads.  
Our results shows two to three times increase in Cu concentrations in pods and grains of the V. faba plants 
grown at L4 and L5 compared to the control plants (0.103-0.108 mg g-1 and 0.153 mg g-1, respectively) and at 
L5 in the G. max leaves was seven times greater (1.660 mg g-1), and in the V. sinensis leaves at L5 it was five 
times greater than the control plants.  
According to Padmavathiamma and Li [15] the phytotoxic concentration in plants parts was in the range of 
20-100 mg kg-1. The highest Mn concentrations in the V. faba leaves were at L5 (0.217 mg g-1), L2 (0.340 mg 
g-1) and L3 (0.329 mg g-1), whereas the highest Mn concentrations in the grains were at L2 (0.340), L3 (0.327) 
and L4 (0.427 mg g-1). At L5 (2.401 mg g-1) Mn concentration in the G. max pods was four times higher than 
that in the pods of P. sativum (0.399 mg g-1) and in the leaves of L4 (4.355 mg g-1) which was two times 
higher than that of the control plants (1.358 mg g-1).  
Highest Pb concentrations in the leaves and pods of the four crop plants at L5, L4 and L3 approached the 
range of 30 mg g-1 which is less the toxic level mentioned [16]. However, Pb in pods P. sativum and V. faba at  
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Fig. 1. Effects of air pollution on the concentration of heavy metals (mg/g) ;Graph  A. Cu in leaves. B. Cu in pods.  C. Cu in grains. And 
graph D. Mn in leaves. E. Mn in pods, F. Mn in grains. Mean values on each vertical column followed by the same letter do not differ 
significantly (P<0.05). 
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Fig. 2. Effects of air pollution on the concentration of heavy metals (mg/g); Graph A. Pb in leaves. B. Pb in pods. C. Pb in grains. And 
graph D. Zn in leaves. E. Zn in pods. F. Zn in grains. Mean values on each vertical column followed by the same letter do not differ 
significantly (P<0.05). 
L3 (35.331 mg g-1), L4 (23.701 mg g-1) and L5 (34.602 mg g-1) reaches the toxic level[17]. According to 
Kabata-Pendias [16], toxic Pb concentrations were observed in the pods of plants grown at L3. 
Zn concentrations in all of the plant parts of the four species grown at L2 to L5 were within the toxic range 
set by Padmavathiamma and Li [15]. Normal concentrations of Zn in plants are in the range of 10-150 mg kg-1. 
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The plants grown in locations with high a traffic density and high industrial activities accumulated large 
amounts of Cu, Mn, Pb and Zn in their aerial parts compared to plants in L1. These results were consistent 
with Çelik, et al. [7], who reported four times increased in concentrations of the Fe, Pb, Cu and Mn in 
roadside plants higher than control sites. Our results indicate that in Riyadh city, traffic related heavy metal 
emission is of great concern. As increased the heavy metals Accumulation of Cu, Mn, Pb and Zn increased 
with air pollution which is positively related to the increased of anthropogenic activities. 
5. References 
[1] I.A. Almohisen, M.N. Alyemeni, Changes in the yield quantity and quality of the pods of four legume crops in response to 
elevated ambient ozone in Riyadh, South Asian Journal of Experimental Biology, 3 (2013) 97-105. 
[2] N. Munier-Jolain, A. Larmure, C. Salon, Determinism of carbon and nitrogen reserve accumulation in legume seeds, Comptes 
Rendus Biologies, 331 (2008) 780-787. 
[3] C. Laschober, A. Limbeck, J. Rendl, H. Puxbaum, Particulate emissions from on-road vehicles in the Kaisermühlen-tunnel 
(Vienna, Austria), Atmospheric Environment, 38 (2004) 2187-2195. 
[4] M. Jozic, T. Peer, R. Türk, The impact of the tunnel exhausts in terms of heavy metals to the surrounding ecosystem, 
Environmental monitoring and assessment, 150 (2009) 261-271. 
[5] S.S. Sharma, K.-J. Dietz, The relationship between metal toxicity and cellular redox imbalance, Trends in plant science, 14 
(2009) 43-50. 
[6] E. Farmaki, N. Thomaidis, Current status of the metal pollution of the environment of Greece- a review, Global nest. The 
international journal, 10 (2008) 366-375. 
[7] A. Çelik, A.A. Kartal, A. Akdoğan, Y. Kaska, Determining the heavy metal pollution in Denizli (Turkey) by using Robinio 
pseudo-acacia L, Environment international, 31 (2005) 105-112. 
[8] A. Klumpp, W. Ansel, G. Klumpp, J. Breuer, P. Vergne, M.J. Sanz, S. Rasmussen, H. Ro-Poulsen, À. Ribas Artola, J. Penuelas, 
Airborne trace element pollution in 11 European cities assessed by exposure of standardised ryegrass cultures, Atmospheric Environment, 
43 (2009) 329-339. 
[9] T. Dan, B. Hale, D. Johnson, B. Conard, B. Stiebel, E. Veska, Toxicity thresholds for oat (Avena sativa L.) grown in Ni-
impacted agricultural soils near Port Colborne, Ontario, Canada, Canadian Journal of Soil Science, 88 (2008) 389-398. 
[10] Y.J. Kim, K.S. Chang, M.R. Lee, J.H. Kim, C.E. Lee, Y.J. Jeon, J.S. Choi, H.S. Shin, S. Hwang, Expression of tobacco cDNA 
encoding phytochelatin synthase promotes tolerance to and accumulation of Cd and As inSaccharomyces cerevisiae, Journal of Plant 
Biology, 48 (2005) 440-447. 
[11] N.Y.M. Omar, M.R.B. Abas, N.A. Rahman, N.M. Tahir, A.I. Rushdi, B.R. Simoneit, Levels and distributions of organic source 
tracers in air and roadside dust particles of Kuala Lumpur, Malaysia, Environmental Geology, 52 (2007) 1485-1500. 
[12] X. Li, S.-l. Lee, S.-c. Wong, W. Shi, I. Thornton, The study of metal contamination in urban soils of Hong Kong using a GIS-
based approach, Environmental Pollution, 129 (2004) 113-124. 
[13] C.S.-l. Lee, X. Li, W. Shi, S.C.-n. Cheung, I. Thornton, Metal contamination in urban, suburban, and country park soils of Hong 
Kong: A study based on GIS and multivariate statistics, Science of the Total Environment, 356 (2006) 45-61. 
[14] D. Cicchella, B. De Vivo, A. Lima, S. Albanese, R. McGill, R.R. Parrish, Heavy metal pollution and Pb isotopes in urban soils 
of Napoli, Italy, Geochemistry: Exploration, Environment, Analysis, 8 (2008) 103-112. 
[15] P.K. Padmavathiamma, L.Y. Li, Phytoremediation technology: hyper-accumulation metals in plants, Water, Air, and Soil 
Pollution, 184 (2007) 105-126. 
[16] A. Kabata-Pendias, Trace elements in soils and plants, CRC press, 2000. 
[17] B. Markert, Element Concentration Cadasters in Ecosystems. Progress Report on the Element Concentration Cadaster Project 
ECCE of INTECOL/IUBS, in, 25th General Assembly of IUBS, Paris, 1994. 
